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INTRODUCTION 
Like many other states, Massachusetts is affected by wind 
erosion in parts of its area* Wind erosion, although not the 
most serious, is perhaps the most evident type of soil erosion 
that is found in the Connecticut River Valley and Cape Cod* 
The dust storms which occur in the Connecticut River Valley 
prevail mostly on onion and other vegetable fields, generally 
during the late fall and again in the early spring when the 
ground thaws, then dries, and is swept off by the dry north¬ 
westerly winds* In certain years when very little or no snow 
covers the ground during the winter months, wind erosion is 
usually more severe in winter than at any other time of the 
year* The writer has felt for some time that the cause of the 
severe dust storms during the winter months is due to the appar 
ent dehydrating action of freezing* It has been noted that 
soil containing considerable moisture when frozen changes and 
appears not unlike air dried soil in color, while the soil par¬ 
ticles found on the immediate surface feel and behave like dry 
soil particles. 
Dust storms, besides doing damage to the field itself and 
the young crops, may be harmful as well as a nuisance to the 
public. In a report on ”Dust Storms and Their Possible Effect 
on Health” (6) it is pointed out that the dust acts as an 
irritant to the mucous membranes of the respiratory tract due 
to the high silica content of the dust and the immediate” 
effects are shown in the increase in morbidity and mortality 
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from the acute infections of the respiratory tract, while the 
"future” effect is unknown. "Possibly over a long period of expo¬ 
sure or repetitions of the storms the end effects would be similar 
to those from exposure to mine and other industrial dusts.” 
The accompanying photomicrograph shows the character of a 
sample of dust collected after a dust storm of February 20, 1942, 
in Amherst, which is several miles away from where the dust 
originated. This illustrates the type of soil loss that is exper¬ 
ienced in the Connecticut River Valley due to wind erosion. An 
analysis given below shows that the dust is rather uniform in 
texture with over 75 percent of the material less than 300 mesh 
in size containing considerable colloidal matter. The dust 
sample contained 5.4 percent organic matter which is about 500 
percent more organic matter than the parent soil ordinarily con¬ 
tains. Thus it is readily seen that with wind erosion the most 
fertile and the most desirable fraction of the parent soil is 
being lost. 
Mechanical Analysis 
of Dust Blown on Storm of February 19 & 20, 1942 
Collected in Amherst, Mass. 
Size of dust particles Percentage 
mesh mm. of total 
10 - 16 2 - 1 0 
16 - 35 1 - .5 1.14 
35 - 60 .5 - .261 1.04 
60 - 140 .261 - .104 3.10 
140 - 300 .104 - .054 19.17 
300 or less .054 or less 75.55 
Organic Matter Content 5.4 percent 
3 
Photomicrograph of dust sample collected 
in Amherst, Pebruary 20, 1942, enlarged 50 
times, showing characteristic soil particles 
and organic matter. 
Vegetable growers, especially onion farmers, unlike the 
tobacco men, do not practice winter cover cropping of rye 
because they are accustomed to plow their fields in the late 
fall and plant their onions as soon as the fields are free 
from frost. The usual oover crop of rye, if seeded on an 
onion field, would thus necessitate spring plowing and retard 
the early planting which is so desirable. It is felt by the 
writer, however, that this common practice of late fall plow¬ 
ing is a ’’hang over ” from the ’’horse and buggy” days, when the 
small onion farmers depended on outsiders to do their plowing 
with a team. Thus they desired to be sure that their fields 
were plowed in the fall when time was usually plentiful. Today, 
with the use of tractors and heavy harrows, it seems that a 
fall planted cover crop (preferably one that would winter kill) 
could be easily and quickly plowed or disked in the spring yet 
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allowing a means of preventing wind erosion during the winter 
months, especially if the winter snow cover is light, and at 
the same time increasing organic matter* 
It is on these unprotected, late fall plowed fields where 
most of the wind erosion is experienced and where the dust 
storms originate* 
PURPOSE OF THE STUDY 
No one has tried to determine if there is any relation 
between the physical-chemical properties of soils found in 
Massachusetts and their susceptibility to wind erosion. It has 
been observed that there are certain types of soil in Massach¬ 
usetts which are affected by wind. In general these soils are 
coarser in texture than those soils not subject to blowing. It 
is natural to assume that a fine-textured soil would be more 
subject to wind erosion than one with larger soil particles. It 
is of great interest both from the practical and academic stand¬ 
point, to find out just what the physical-chemical properties 
are which control the degrees of wind erodibility of a soil. 
It is also of interest to learn which of these various physical- 
chemical properties of a soil are subject to the control of man 
and just what changes take place in the soil complex when one 
or more of these physical-chemical properties are changed by 
either man’s management or natural environment. We know that 
certain farming practices cause changes in soil properties. 
The increase or decrease of organic matter, the raising or lower— 
5 
ing of pH values, the Irrigation or drainage of a soil are only 
a few of the means used by man to change soil properties, while 
freezing, thawing, drying and wetting are natural ways that 
affect soil properties. 
It is the object of this study to determine what physical- 
chemical properties of certain soils of Massachusetts may be 
influential factors in causing wind erosion, and further, to 
determine the effects of various chemical and physical treat¬ 
ments upon the wind erodibility of these soils. It is felt 
that information of this nature will be of great practical 
as well as academic value. 
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REVIEW OF LITERATURE 
A search through the literature reveals that no studies 
have been made of the correlation of the properties of Massach¬ 
usetts soils with their susceptibility to wind erosion. In 
comparison with other forms of soil erosion, the literature on 
wind erosion is very meager. It is only within the last decade 
that any research has been made into the dynamics of wind eros¬ 
ion and the individuals carrying out this work are few. Malina 
(16) considered as a leading authority on the dynamics of wind 
erosion reports that ”there is available only a rudimentary 
understanding of the basic mechanisms that need to be invest¬ 
igated and interpreted before a generally useful body of theory 
can be developed for predicting the behavior of soil surfaces 
exposed to wind. Furthermore, in these studies it is of great 
importance that all the variables entering into the experiment 
be known and controlled.” He further states that ”the most 
satisfactory way of meeting these conditions appears to be 
through the application of an artificially created air-stream 
in a soil-blowing tunnel.” 
What m$y be considered as a classic in the field of the 
aerodynamics of wind erosion is the work of R. A. Bagnold (4) 
entitled ”The Physics of Blown Sand and Desert Dunes”. Here 
is consolidated the results of his original research with the 
many phases of blown sand and desert formation dunes. As a 
result of laboratory tests using a wind tunnel Bagnold was able 
to deduct a series of quantitative predictions and principles 
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concerning the wind velocity and its distribution, and the 
rate of sand movement caused by it. He then showed that the 
assumptions were true and workable by corroborating his 
laboratory findings by careful measurements during sand storms 
in the Libyan deserts* Since desert sands are in many ways 
quite unlike cultivated soils, Bagnold's findings do not apply 
to them unless somewhat modified* 
In recent years the Canadian Department of Agriculture has 
interested itself in the wind erosion present in their grain 
growing region* Chepil, and his associates at the Dominion 
Experiment Station (7), have recently reported on several 
phases of the dynamics of wind erosion as they apply to agric¬ 
ultural soils. Chepil (8) found that between 55 and 72 percent 
of the weight of the soil was carried in saltation, 3 to 38 
percent in suspension, and 7 to 25 percent in surface creep, 
and that coarsely granulated soils erode mainly in saltation, 
and finely pulverized soils in saltation and suspension. The 
same investigator (9) states that the greatest single factor 
influencing the threshold velocity is the size of soil grains. 
The threshold velocity is least for grains 0.1 to 0.15 mm., 
these requiring a velocity of 8 to 9 miles per hour, 6 inches 
above ground. Above this range of size the threshold velocity 
increases with the increase in size of grains, vhereas below 
that it increases with the decrease of size of particles* He 
also concludes in another report (10) that arable soils are 
affected by five forms of wind erosion - efflluxion, extrusion, 
detrusion, efflation, and abrasion. All, or some, of these 
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forms may affect the soil simultaneously, but none of the other 
forms occur on any appreciable scale without effluxion. There¬ 
fore, prevention and control of wind erosion should be based 
mainly on prevention of erosion by effluxion. 
i 
METEOROLOGICAL INVESTIGATION 
Upon initiating the studies of properties of wind blown 
soil, it was soon realized that dust storms were only exper¬ 
ienced during certain periods of the year and that the under¬ 
standing of the meteorological conditions usually accompanying 
dust storms was as important as the studies of the soil pro¬ 
perties themselves. All of the meteorological information used 
was the official data collected at the observatory located at 
the Massachusetts Agricultural Experiment Station at Amherst, 
latitude 42°23* 48.5 N. lagltude, 72°31» 10" W, height of 
wind instruments, 67 feet above ground, above sea level 293.3 
feet. (12). It is admitted that this data holds true for only 
the particular area where collected but since most of the soils 
studied are located within a radius of 5 to 10 miles of the 
observatory the information and conclusions are indicative. 
In Table 1 is given the 10 year averages (1935-1945)* 
of the various climatological data pertaining to conditions 
influencing wind erosion. To illustrate the monthly variance 
of these data more clearly, graphic figures are included. From 
Figure 1 representing average monthly precipitation, 
* Compiled personally from official monthly reports of the 
Massachusetts Agricultural Experiment Station, Amherst, 
Massachusetts. 
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no apparent relationship exists, or at least, rainfall plays 
only a very small part in retarding wind erosion. This 
seems like a paradoxical statement yet on many occasions it 
was observed that dust storms began to blow in the Connecticut 
Valley the afternoon following a good nocturnal rainfall. To 
cite one exceptional case, a severe dust storm was witnessed 
in the afternoon of May 11th, 1945* following a total precipi¬ 
tation of 1.53 inches of which one inch depth of snow fell dur¬ 
ing the preceding night and morning ending at 6:00 A.M. It 
seems that the sandy soils dry exceptionally fast at the very 
surface and will blow readily away when the remainder of the 
soil contains considerable moisture. The rapid drying of the 
surface particles takes place due to the break in the capillary 
V 
action because of the low organic matter and colloidal content 
of the valley soils. 
* \ 
The average monthly snow fall illustrated graphically in 
Figure 2 shows that considerably more snow falls during 
January and February than during the other months. From observe 
tion, most of our dust storms blow during November, December, 
March, April, and May, when the ground has no snow cover. 
Figure 3 shows graphically average monthly total of hours 
of sunshine. No significant correlation is apparent here with 
regard to the occurrence of dust storms. 
The average total number of winds per month and the 
number of winds which blew over 10 miles per hour are shown 
in Figures 4 and 5 respectively. 
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In both cases, during the latter part of autumn and again 
during the latter part of winter and early spring, much more 
winds are experienced, especially strong winds of 10 miles 
per hour or more, than at any other time of the year# This 
is a direct correlation with the time of occurrence and 
behavior of the dust storms as they are actually experienced# 
Figures 6 and 7, dealing graphically with the average maximum 
velocity attained by winds during the months and the total 
wind movements or distance traveled by wind during a month 
respectively, further bear out the contention that generally 
the months of December and March have more wind and winds of 
a higher velocity than the other months of the year# Since 
undertaking this investigation, the writer has been interested 
in the occurrence of dust storms in the Connecticut River 
Valley# Observation of these local dust storms shows that 
nearly all of them occur during the afternoons# To study the 
causes of the afternoon dust blowing, three one-hour periods 
(9-10 A.M., 12-1 P.M., and 3-4 P.M.) were chosen and the 
number of hours the wind blew per month during these three 
periods was compiled from the official daily anemometer records# 
In Table 2, these data are reported and in Figure 8 the same 
data are graphically represented# For every month of the year 
the 3-4 P.M. hour period had more winds over 10 miles per hour 
than the other two one-hour periods, with the greatest differ¬ 
ences appearing during the dustiest months of November and 
March# In passing, one more observation may be made concerning 
the occurrence of dust blowing# The writer in his experience 
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has never witnessed dust blowing during the evening; after 
sunset, or at night. Usually the winds stop blowing in the 
evening, however, there are times when strong winds blow all 
night, yet seemingly without causing dust storms. It is felt 
that perhaps after sunset, in the absence of the drying 
effects of the sun, and the change in humidity of the air with 
the accompanying condensation at the ground surface, the dust 
particles that would normally blow during the bright daytime 
are dampened, perhaps just to a hygroscopic degree. 
12 
Table 1 
METEOROLOGICAL DATA 
10 Year Averages (1935 to 1945) 
M
on
th
 
P
re
ci
p
it
at
io
n
 
(in
 
in
ch
es
) 
Sn
ow
 
P
al
l 
(in
 
in
ch
es
) 
4* 
X V; 
•H 
*- pq <D 
<h a O 
rCj to w 
^ § 0 m W No
. 
o
f 
W
in
ds
 
o
v
e
r 
10
 
M
.P
.H
. 
•
 N
o.
 
o
f 
H
ou
rs
 
W
in
d 
B
le
w
 
o
v
e
r 
10
 
M
.P
.H
. 
M
ax
im
um
 
V
el
oc
it
y 
o
f 
W
in
d 
(in
 
M
.P
.H
.) 
T
ot
al
 
M
ov
em
en
ts
 
o
f 
W
in
d 
(in
 
m
il
es
) ♦ 
Jan* 3*0 16.5 l6l 17*5 156 35 4764 
Feb. 2.3 9*3 164 16.3 180 39 4352 
Mar. 4.1 8.4 233 19*7 19s 37 5459 
Apr. 3*4 1.8 227 21.0 183 35 5032 
May 3*5 — 222 14.7 98 33 4022 
June 4.6 — 266 10.6 64 33 3501 
July 4.1 — 301 8.2 4o 28 3097 
Aug. 3.0 mm mmmm 279 9.* 45 28 3155 
Sept, 4.5 — 217 11.9 68 36 3395 
Oct. 2.9 — 192 17*7 121 34 4320 
Nov. 4.1 5*9 129 19.0 162 34 4517 
Dec. 3*3 4.5 133 17*9 159 39 4633 
♦Compiled from daily anemometer record sheet© of the 
official weather observatory. 
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Figure 1 
14 Figure 2 
SNOWFALL IN INCHES 
Ten Year Average (1935-1945) 
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Figure 4 
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Figure 5 
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Figure 6 
UNIVERSAL CROSS SECTION PAPER 
Figure 7 
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Table Z 
WIND DISTRIBUTION DURING DAYTIME 
Number of Hours per Month Wind Blew over 10 M. P. H. One 
Year Data (1944) 
Month 
9-10 
A. M. 
12-1 
P. M. 
3-4 
P.M. 
24 hr. 
Day 
Jan. 9.0 11.0 10.5 160 
Feb. 6.5 10.5 14.5 196 
Mar. 11.0 l4.5 15.O 233 
Apr. 7.0 10.5 14.5 159 
May 3-5 7.0 8.0 94 
June 7.0 9.0 10.0 105 
July .6 3.5 6.0 4o 
Aug. 2.5 5.0 5.5 45 
Sept. 5.0 6.0 7.0 73 
Oct. 8.0 10.0 11.5 151 
Nov. 8.0 13.0 14.5 205 
Dec. 7.5 11.0 9.5 214 
Figure 8 
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DESCRIPTION OF SOILS INVESTIGATED 
PHOTOGRAPHIC ILLUSTRATIONS 
Plates 1 through 11 are photographs of the different 
soils studied* It is felt that a literal description of 
the difference between these soils would not be as clear 
as a visual illustration* The photographs are enlargements 
18 times the linear dimension* Plates 1 and 2 represent the 
two sands• Comparing Plate 1 of Windsor sand with Plate 11 
of Cape Cod dune sand, we observe that the particles in both 
cases are individuals with no colloidal or fine grains present* 
The Windsor sand is wind deposited material and is very angular 
with sharp edges and pointed ends, while in the case of the 
dune sand the edges are rounded off due to the original wave 
action of water and the abrasive action of the continually 
shifting sands* 
Plates 3, 6, 7, 10, illustrate respectively soils No. 3, 
Agawam loamy fine sand; No* 6 Suffield fine sandy loam; No* 7 
Hinckley silt loam; and No* 10, Gloucester fine sandy loam* 
Each of these soils is an admixture of various sized particles 
with the colloidal fractions forming a coating over the larger 
particle, thus acting as a binding between the larger sand 
particles. This same relationship exists in the case of soils; 
No. 2, Agawam fine sandy loam. No. 4, Hadley very fine sandy 
loam. No. 8, Dover fine sandy loam and No. 9, Merrimac fine 
sandy loam - (Plates 2, 4, 8, and 9). The range of the size 
of particles is much narrower in this case than in the pre- 
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viously mentioned group of soils. Plate 5 illustrates soil 
No. 5, Suffield silt loam. l/Vhat appear to be fairly large 
size particles in this soil are actually aggregates or clusters 
of particles held together adhesively by the very fine silt 
and clay particles. It is felt that due to this aggregation, 
* 
the soil is the least wind erodible of the soils studied. 
Actually in nature the size of the aggregation is much larger. 
Due to the preparation of the soil for photographing the 
aggregates were purposely broken up. 
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Plate 1 Soil No. 1 Windsor Sand 
Plate 2 Soil No. 2 Agawam Fine Sandy Loam 
Plate 3 Soil No. 3 Agawam Loamy Fin© Sand 
Plate 4 Soil No. 4 Hadley Very Fine Sandy Loam 
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Plate 5 Soil No. 5 Suffield Silt Loam 
Plate 6 Soil No. 6 Suffield Pine Sandy Loam 
27 
Plate 7 Soil No. 7 Hinckley Sandy Loam 
28 
Plate 10 Soil No. 10 Gloucester Fine Sandy Loam 
■29 
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DESCRIPTION OP SOIL SERIES STUDIED (5, 14, 15) 
#1 Windsor sand: The soil representing this series was 
collected on Mr. Milford Clark’s farm in Sunderland, Mass¬ 
achusetts. In the past, corn and bean crops were attempted, 
but due to excessive dryness and wind erosion most of the 
area has been abandoned. In general, this series has a brown, 
shallow, sandy topsoil; pale yellow to yellowish brown, sandy 
subsoil; at 20 to 30 inches, substratum of loose, yellowish 
sand of variable depth; excessively drained; acid. Occurs 
on undulating to hummocky relief; formed from wind-blown sands 
in the Connecticut Valley; resembles Hinckley soils but lacks 
gravelly layers present In Hinckley; of little agricultural 
value. 
#2 Agawam fine sandy loam: Sample of. this type was collected 
from Mr. Peter P. .tore’s farm in Hadley, Massachusetts. This 
particular area was used for tobacco. In general n is series 
has a brown to dark brown surface soil: subsoil yellowish 
brown or grayish brown, sometimes with a greenish c&.st; 
30 to 40 inches substratum of greenish yel.ow to gray, line 
sandy loam., sand or gravel; profile Imperfectly developed, 
shows sorting action; free from stones and large gravel; 
well drained; acid. Occupies flat to undulaoim , inter¬ 
mediate terraces of the Connecticut Valley Lowland; assoc¬ 
iated with and intermediate between Merrimac and Hadley 
soils: deeper and finer-textured than Merrimac, and browner 
than Hadley. 
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#3 Agawam loamy fine sand: This soil was taken from Mr. 
- f 
Frank WojtklewiczT farm near Mt. Sugarloaf in South Deerfield. 
Corn had been grown on the field and it is subject to wind 
erosion. The description of this soil type is quite similar 
to that of #2 given above. It is, however, somewhat coarse 
in texture. 
#4 Hadley very fine sandy loam: This soil was collected 
from an onion field on Mr. Arthur Pelissier's farm in Hadley, 
Massachusetts. The Hadley series are typified by a deep, dark 
olive to dark brown topsoil; subsoil greenish yellow, chang- 
ing to greenish gray at 24 to 30 inches; greenish gray to 
about 60 inches; underlaid by silts and fine sands; all hor¬ 
izons have relatively fine textures and are free from stone 
and coarse gravel; imperfectly developed soils from alluvial 
deposits of the Connecticut River brought in by streams drain- 
ing areas containing crystalline rocks and limestone; moder¬ 
ately acid.; well drained but subject to inundation by higb 
floods such as those of 1927, 1936, and 1938. Occur on level 
to gently undulating, high first-bottom terraces of the Con¬ 
necticut River; associated with Agawam^ a second-terrace soil 
which Hadley resembles, and with Suffield soils, which are of 
lacustrine origin, grayer and of finer texture. 
y5 Suffield silt loam: Mr. Joseph Allard’s dairy isrm in 
Hadley was the location where this soil was sampled. Ihe area 
had been in pasture for some time. The Suffield series of 
soil have a gray brown to gray, heavy surface soil; subsoil 
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moderately heavy, yellowish to greenish gray, laminated 
material of heavy texture; at 18 to 24 inches, substratum of 
/ 
greenish gray, laminated clay, many feet thick; moderately 
acid in the surface, and in the subsoil and neutral to alk¬ 
aline in the substratum, carbonate often present in small 
amounts below 4 or 5 feet, well drained to imperfectly drained 
in spots* Occupies level to gentle sloping floors of extinct 
glacial lakes; associated with Melrose and Agawam series; 
Melrose is Suffield with a covering of sandy soil; mapped 
in the Connecticut Valley lowland, and Bristol and Norfolk 
counties. 
#6 Suffield fine sandy loam; This soil type is quite similar 
to soil #5 described above* It has a larger portion of fine 
sand than the silt loam. The sample was collected from a corn 
field at Mr* James Tuft*s farm in South Amherst, Massachusetts* 
#7 Hinckley sandy loam: The soil was taken from Mrs. Orra 
Seaver*s farm on Belchertown Road, Amherst, Massachusetts. 
The sample area had been in a vegetable garden. A descrip¬ 
tion of the Hinckley series is as follows: grayish brown to 
— - ■ 
rich brown surface soil; yellow to yellowish brown, inco¬ 
herent subsoil; at 18 to 24 inches, substratum of gray or 
grayish yellow, loose, gravelly and sandy material showing 
crude stratification; excessively drained; acid. Occurs on 
hummocky topography on material deposited by glaciers as 
kames, eskers, and medial moraines; parent material crystalline 
mostly from granites, gneisses and schists; associated with 
Gloucester and Merrimac; differs from Merrimac in having 
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a more hummocky topography, being coarser textured, less 
retentive of moisture and less adapted to agricultural use; 
widely distributed over Massachusetts* 
#8 Dover fine sandy loam: Found only in Berkshire County, 
- 
this soil was collected on the Boyne place in Lee, Massach¬ 
usetts. The particular field was a garden plot. The Dover 
series are typified by a brown or reddish brown topsoil; sub¬ 
soil yellowish brov/n or reddish brown in the upper part, yellowish 
brown or golden yellow in the lower part, and reddish brown just 
above the substratum; substratum at 24 to 30 inches; gray gla¬ 
cial till consisting of ground limestone and mica flakes, lime¬ 
stone fragments and outcrop common on the surface; usually thin 
and sometimes absent; slightly acid in the surface and upper 
subsoil, neutral to alkaline in the lower subsoil and substratum; 
well drained. Occupies undulating to rolling uplands and low 
hills of the Berkshire Valley; associated with Pittsfield, 
Stockbridge and Lenox series; redder than Pittsfield, and con¬ 
tains more limestone than this and other series. 
#9 Merrimac fine sandy loam; This soil was collected at 
the Massachusetts Agricultural Experiment Station from a 
tobacco area. The topsoil of this series is dark yellowish 
brown to dark brown; yellowish brown subsoil; at 24 to 30 
inches, substratum of gray, stratified sand and gravel, usually 
several feet thick; parent soil material granites, gneisses and 
schists, contains fair percentage of feldspathic and ferro- 
magnesian minerals; well to excessively drained; acid. Occurs 
on level to undulating high terraces, and outwash plains assoc- 
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iated with Gloucester and Hinckley; differs from Hinckley in 
having more nearly level topography, finer texture, and greater 
productivity; widely distributed over Massachusetts and mapped 
in all counties except Plymouth, Dukes and Nantucket* 
#10 Gloucester fine sandy loam; The sample representing 
this soil series was taken from Miss Mildred Howardfs home 
in Shutesbury, Massachusetts* The area was in sod* The 
Gloucester series has a mellow brown to dark brown surface soil; 
subsoil yellowish brown to yellow, grading downward to grayish 
yellow; at 30 to 36 inches, substratum of firm but friable sandy, 
gray, glacial till made up mainly of material from granites and 
granitic gneiss; boulders and stone fragments common throughout 
profile and on surface; well drained; strongly acid. Occurs 
on rolling to hilly uplands; very little west of Connecticut 
River, but extensive east of it; makes up 20.6 percent of the 
land area of Massachusetts. 
#11 Dune sand: This soil, or rather.sand, was taken to compare 
its behavior with the agricultural soils. It was collected at 
the Province Lands, at Provincetown, Massachusetts. This sand 
has a "coarse sand" texture made up primarily of quartz and 
felspars, having been blown inland from the beach. Only limited 
vegetation will grow on soil derived from this origin. 
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DETERMINATION OF PHYSICAL AND CHEMICAL 
SOIL PROPERTIES 
Of the many chemical and physical soil properties that 
can be determined, only those determinations were made that 
would possibly have any bearing on the wind erodibility of 
the soils* In Table 3 are listed some of the results of the 
various tests made. The pH determinations were made with a 
"Beckman Glass Electrode pH Meter". The nitrate, loss on 
ignition, carbon and organic matter determinations were made 
according to the official methods of the Association of Official 
Agricultural Chemists (3). The results of the "Settling Volume" 
(18) are pictured in Figure 9. The soils are arranged with 
respect to the ascending height of the line betv/een soil sus¬ 
pension and water. The maximum water holding capacity was run 
according to Hilgard (13). The soil "moisture equivalent" 
determination was made as described by the American Society for 
Testing Materials (2). Alway*s (1) method was followed in 
the determination of the "Hygroscopic Coefficient". Morgan*s 
(19) rapid tests were used in making the chemical tests. The 
results are shown in Table 4. In the mechanical analysis the 
pipette method of the Bureau of Chemistry and Soils (21) was 
followed. The results of the analysis are reported in Table 5. 
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SOIL NUMBERS 
Figure 9. Illustrating the "Settling Volumes” 
of the soils studied. Soils placed with respect 
to increasing height of settled volume. 
Soil No. & Name Settling Volume 
11 Dune sand 35. cc 
1 Windsor sand 39. cc 
3 Agawam l.f.s. 40. cc 
7 Hinckley s. 1. 45. cc 
2 Agawam f.s.1• 47. cc 
9 Merrimac f.s.l. 48. cc 
4 Hadley v.f.s.l. 50. cc 
6 Suffield f.s.l. 52. cc 
8 Dover f.s.l. 54. cc 
10 Gloucester f.s.l. 54. cc 
5 Suffield s.l. 58. cc 
38 
Table 4 
CHEMICAL ANALYSIS OP SOILS STUDIED 
* 
Soil 
No. Soil Series Name & Type pH Ca Mg P K NO3 NH3 A1 Pe 
1 Windsor Sand 5-1 * VL VL M L L L M VL 
2 Agawam Pine Sandy Loam 4.3 VL M MH VH VH MH MH L 
3 Agawam Loamy Pine Sand 5.6 L MH H MH H L L VL 
4 Hadley Very Pine Sandy 
Loam 
6.9 VH H VH VH VH L L VL 
5 Suffield Silt Loam 5.0 L MH MH L VH M H L 
6 Suf field Fine Sandy . 
Loam 
5-2 VL MH L L H L H L 
7 Hinckley Sandy Loam 5-2 M M M L H L MH VL 
8 Dover Pine Sandy Loam 5-5 MH MH M L VH M MH VL 
9 Merriraac Pine Sandy 
Loam 
5.2 VL VL MH VH VH VH MH VL 
10 Gloucester Pine Sandy 
Loam 
4.7 VL VL L M VH M H M 
ii Cape Cod Dune Sand 4.9 VL L M L L L L L 
Legend: H * high 
M = medium 
L = low 
V = very 
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Table 5 
MECHANICAL ANALYSIS 
* > Soil trains Size 
Soil 
No. 
Series Name 
and Tyne 
Pine 
Gravel 
2-1 
(mm) 
Coarse 
Sand 
1-0.5 
(mm) 
Medium 
Sand 
•5-.?5 
(hm) 
Pine 
Sand 
.25-.1 
(mm) 
Very Pine 
Sand 
.1-.05 . 
(ram) 
Silt 
05-002 
(mm) 
Clay 
(Less 
than) 
.002 
(mm) 
#1 Windsor Sand 1.2 2.0 50.3 24.8 20. S 0.7 0.2 
#2 Agawam Pine Sandy 
Loam 
3.0 5.2 9.5 30.4 24. * 21.4 6.0 
#3 Agawam Loamy Pine 
Sand 
2.2 4.6 13.2 50.0 
% 
15.0 9.9 5.1 
#4 Hadley Very Pine 
Sandy Loam 
0.0 0.3 O.5 14.3 42.3 37.9 4.7 
#5 Suffield Silt Loam 0.0 0.0 3.5 10.3 19.1 54.8 12.3 
#6 Suf field Pine Sandy 
Loam 
.5 2.3 2.1 10.2 55.7 20.3 8.9 
#7 Hinckley Sandy Loam 7.7 18.1 17.5 18.8 20.1 13.8 4.0 
#S Dover Pine Sandy Loam 1.2 2.0 1.8 32.1 10.5 35.9 6.5 
#9 Merrimac Fine Sandy 
Loam 6.7 20.9 21.2 20.9 10.2 13.2 6.q 
«»» 
#10 Gloucester Pine Sandy 6.9 
Loam 
12.3 8.3 14.9 19.3 35.1 3.2 
#n Dune Sand 97-2 1.2 0.9 0.4 0.3 0.0 0.0 
40 
DESCRIPTION OF SOIL BLOWING TUNNEL 
Before constructing the present wind tunnel for soil 
erosion studies, a preliminary tunnel was constructed util¬ 
izing the blower from the air circulating system in a fruit 
cold storage plant* This preliminary tunnel consisted of 
a 20 foot air duct, 8 inches high and about 28 inches wide. 
The working section where soil samples were placed for trials 
was about 2 feet long and 18 inches wide* Wind velocities up 
to about 15 miles per hour were obtainable. Using this tunnel, 
tests showed that differences in amount of erosion could be 
established between the various soils tried* The main objections 
to this small tunnel were the lack of facilities to increase 
i 
the wind velocities and the shortness of the working section which 
did not provide for adequate study of the effects of soil par¬ 
ticles when in saltation. 
In deciding on the present form or design of the soil 
blowing tunnel, considerable detailed investigation was 
made of the few such tunnels on this continent (17). 
Dr, F. J. Malina of the California Institute of Technology 
was helpful with suggestions and made the final approval of 
the design for the tunnel that best suited the performance 
expected in our particular studies. A general plan of the 
tunnel is shown in Figure 10. A more detailed picture of the 
tunnel can be obtained from the accompanying photograph. Figure 
11. A brief description of the various sections of the tunnel 
and reason for their specific design and proportions is given 
below. 
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I. Power unit; A 15 horsepower variable speed electric 
motor was used to develop wind velocities of 5 to 40 miles 
per hour in the working section. An electric power unit was 
chosen because it gave reasonably uniform velocity. 
? •_.Propeller; In order to obtain the quantity of air 
needed for the maximum working section wind speed, a specially 
constructed 4-bladed wooden propeller of 44 inch diameter 
was built by the South Bend Air Products, Inc. of South Bend, 
Indiana. 
Propeller section: This section, an 18 inch long and 49 
inch diameter tube, was constructed of 24 gauge sheet metal 
with l/2 inch clearance for the revolving propeller tips. 
4. Diffusor section; This is the section between the pro¬ 
peller tube and the honeycomb section. Its dimensions increase 
towards the honeycomb section for it is desirable to have as 
low a wind speed through the honeycomb section as possible* 
It is in this region where the air is allowed to diffuse before 
entering the honeycomb section. 
5. Honeycomb section: The purpose of this section is to 
make the air stream parallel because the air is turbulent as 
it passes from the propeller. Cardboard mailing tubes, 12 
inches long and 2 inches in diameter, placed horizontally 
between two upright pieces of l/4 inch mesh wire screening 
were used in the construction of this section. In order to 
reduce the wind velocity through this section the dimensions 
of this unit were increased to 52 inches, it being the widest 
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unit in the whole tunnel. The wire screens, besides holding 
the tubes in place, help to reduce the wind velocity. 
6. Entrance section: The reduction of the paralleled air 
stream from the 52 inch honeycomb section to a 3 foot square 
is accomplished in this section. This unit is made of 24 
gauge sheet metal having a gradual curved surface. 
7. Working section: In this section the soil sample to be 
tested is placed. The over-all length is 16 feet 1-1/2 inches, 
with a 3 foot width and 3 foot height at the upstream end. To 
assure a uniform velocity along the whole working section, the 
width of the working section is 6 inches greater at the down¬ 
stream end. This increase in the width of the working section 
takes into account the growth of the boundary layers on the 
vertical walls of the tunnel. The bottom floor of the working 
section has a movable soil sample tray, 2 feet wide by 14 feet 
1-1/2 inches long, suspended by fine wires from four scales 
placed on the top of the tunnel. This soil sample tray can be 
used as one unit or divided equally into four separate weighing 
units. The sides of the tray are made adjustable in order to 
l 
vary the depth of soil to be tested. The tray has a sheet metal 
surface, thus allowing wet samples to be introduced without 
damage to the wooden parts of the tray. Pour glass panelled 
doors were built on each side of the working section to facilitate 
placement and removal of the soil samples, and to permit obser¬ 
vation of soil during test runs. At short intervals on the 
side walls of the working section, small holes provided for 
43 
introducing into the air stream instruments such as velo- 
meters, pitot tubes, and other pressure gauges* 
diffusor section; In order to keep the air stream 
straight beyond the end of the soil sample, a 4 foot long 
diffusor section was built. The side walls, top and bottom 
of this unit have a 6 inch greater dimension at the exit end 
than at the entrance of this unit. The angle of divergence 
could not exceed 3-1/2 inches for otherwise a separation of 
the flow from the walls would occur.# 
x Private correspondence with Dr. P. J. Malina, California 
Institute of Technology. 
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Figure / / .A soil blowing wind tunnel used in the laboratory 
to study some properties of wind blown soils in Massachusetts* 
* 
46 
THE METHOD USED FOR TESTING 
SOIL SAMPLES IN WIND TUNNEL 
All of the soils were first air dried and passed through 
a inch mesh wire screen in order to remove any large 
stones or other foreign matter. The soil sample (about 200 
pounds) was then placed on the sample trays in a layer about 
3/4 inch thick in the working section of the tunnel. A 
straight edge was drawn over the top of the layer in order 
to get the surfaces of the various soils similar. The scales 
from which the sample trays are suspended were then balanced. 
The power unit was then turned on for its lowest wind velocity, 
usually 300 to 400 feet per minute. Using the variable speed 
rheostat, the wind velocity was gradually increased while a 
continuous observation was made of the soil surface through 
the windows in the walls of the working section in order to 
detect the first movement of soil particles. The velocity 
at which the first movement of any particle was observed was 
called the tfInitial Velocity”. In general it is not difficult 
to make this observation for the initial velocity since most 
of the soils studied had some mica flakes present which re¬ 
flected the light when any movement of the soil began. 
the initial velocity a 3 minute run was made and the scales 
rebalanced and the loss in weight noted. Often, at the 3 
minute initial velocity run, there was no significant loss, 
since the upstream soil would move and redeposit itself at 
the downstream end of the tray. The propeller was again turned 
on and let run for two more minutes. At the end of this time 
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the scales were again rebalanced and the erosion losses noted* 
The sum of these two runs constitutes the erosional loss at 
the end of 5 minutes* The motor was again turned on and let 
run for an additional 10 minutes, the scales again rebalanced 
and the losses recorded* The total loss during these three 
runs comprises the amount lost at the end of the 15 minute 
period. Often, additional runs of longer time were made but 
generally a 15 minute run at one particular velocity was suf¬ 
ficient for no additional loss of soil would be found. Increas¬ 
ing the velocity would produce additional losses, however. 
At the end of the 15 minute period the soil sample was removed 
and new samples of the same soil introduced on the trays. The 
scales were again balanced and the motor turned on and the 
rheostat regulated to increase the wind velocity to the next 
desired velocity which was usually an increase to 15 miles per 
hour. The same procedure was then followed as described above. 
At the end of the 15 minute period the soil again was removed 
and a fresh sample of the same soil introduced. Again the 
rheostat would be adjusted to give a wind velocity an increment 
of 5 miles per hour higher. This procedure was followed until 
a wind velocity of 30 miles per hour was used. 
In order to produce the higher wind velocities in the 
tunnel, the windows and doors of the building vdaich houses the 
tunnel had to be opened to allow plenty of air to supply the 
tunnel. 
In the test made with frozen soil, the operations had 
to be made during winter time when the outside temperature was 
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below 25°F* It was the general practice to adjust the soil 
moisture to 25 percent moisture content and place the soil on 
the sample trays during the night, opening wide the doors and 
windows of the building housing the tunnel* During the night 
and the following morning the soil would freeze in the sample 
trays. Next morning before the temperature rose above freezing 
the tests would be made as described above* Since only one 
sample could be thus prepared and run at a particular wind 
velocity each day, it took a week to complete the test runs of 
one particular soil. 
* 
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WIND TUNNEL EROSION STUDIES AND DISCUSSION 
The various soils as previously described were tested in 
the wind blowing tunnel following the method of procedure as 
% 
outlined above. The loss in weight due to erosion was usually 
recorded in tenths of pounds. However, it is felt that a better 
picture of the amount lost could be had if the loss due to 
erosion was calculated on the acre basis. In Table 6 are given 
the data of the soil losses of the various soils tested in the 
wind tunnel in pounds per acre at various wind velocities at 3, 
5, and 15 minute blowing periods. Two soil treatments, air 
dried and frozen at 25 percent moisture content, were run in 
this series of tests. One of the more important results brought 
out by this test is the data of the "initial velocities11 at 
which the different soils began to blow. Soil No. 1, Windsor 
sand, began to blow at 9 M.P.H. while Soil No. 5, Suffield silt 
loam, had the highest initial velocity of 18.1 M.P.H. air dried, 
and 25 M.P.H. when frozen. In general, the more sandy the soil, 
the lower the initial velocity at which it begins to blow. This 
relationship holds true for the agricultural soils only, while 
in the case of the dune sand the sample did not begin to blow 
until a velocity of 17 M.P.H. had been reached. The weight of 
the particles in the dune sand, because of their large size, 
prevents them from blowing at a lower velocity. However, once 
the dune sand begins to blow, it erodes at a higher rate than 
any of the other soils at any comparable wind velocity. 
With the exception of the Suffield soils. No. 5 and 6, 
the initial velocity of the frozen samples was lower than that" 
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of the air dried soil. This may be due to the lifting or raising 
effect of the frost action on the soil particles at the surface 
layer, allowing the air to enter underneath them and carry them 
avay. From Figures 12 to 22, which graphically represent the 
soil losses per acre of the different soils studied, both air 
dried and frozen, one can draw the following conclusion: Soils 
-• j.. « 
No. 2, Agawam; No. 4, Hadley; No. 5, Suffield silt loam; No. 7, 
Hinckley; No. 8, Dover, and No. 9, Merrimac, erode more at’ the 
low velocities of 15 to 20 M.P.H. when frozen than air dried. 
However, this trend does not hold true at the higher velocities 
where the air dried soil blows away at a greater rate than the 
frozen soil. If the five agricultural soils (Nos. 5, 6, 10, 
2, 9) having the highest initial velocity are studied, it is 
found that their organic matter content, maximum water holding 
capacity, moisture equivalent and hygroscopic coefficient are 
also the highest of the soils investigated. No such relation¬ 
ship existed with respect to pH value and initial velocity. 
After studying these soils in the wind tunnel, observing 
the initial wind velocity at which they began to erode, and 
comparing the amount of soil lost at the various wind velocities 
at the different time intervals, it may be generalized in 
conclusion that the soils place themselves in three distinct 
groups with respect to their susceptibility to wind erosion. 
The three groups of soils may be classed as very susceptible 
to wind erosion, least susceptible, and intermediate. The 
following table illustrates this classification and gives the 
t 
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names of the soils found in each group® 
Class Soil No. Soil Name 
Group 1 
Very easily wind 
erodible 
1 
11 
7 
5 
Windsor sand 
Cape Cod dune sand 
Hinckley sandy loam 
Agawam loamy, fine sand 
Group 2 
Intermediate 
wind erodible 
4 
9 
8 
Hadley fine sandy loam 
Merrimac fine sandy loam 
Dover fine sandy loam 
Group 5 
Least wind erodible 
2 
10 
6 
5 
Agawam fine sandy loam 
Gloucester fine sandy loam 
Suffield fine sandy loam 
Suffield silt loam 
If the settling volumes of the soils as shown in Figure 9 
are arbitarily divided into three groups of 4, 3, and 4 soils 
in each group respectively, the soils, with only one exception, 
have a direct relationship to the classification in the fore¬ 
going table. Even in this one exception (Soil No. 2) the 
difference is slight. 
Table 6 
Soil Series Soil Condi- In. m 
Vel. 
Weight of Soil ost Per Acre in Pounds at Various Wind Velocities With Resnect to Time 
Soil # 
Name and tion or At In. Vel. After At 10 M.P.H. After At 15 M.P.H. After At 20 M.P.H . After At 25 M.P.H . After At 30 M.P.H. After 
Type Treatment M.F.H. 3 min. 5 min. 15 min. 3 min. 5 min. 15 min. 3 min. 5 min. 15 min. 3 min. 5 min. 15 min. 3 min. 5 min. 15 min. 3 min. 5 min. 15 Min. 
Air dried 9.0 Trace 261 261 2,805 4,452 8,132 7,078 ie,772 29,799 
#1 Windsor 
Sand Frozen at 
8.0 25$> water 
content 
391 489 962 1,370 1,549 1,925 1,778 2,088 4,126 2,092 2,850 5,025 3,025 4,150 6,067 5,170 5,855 7,388 
Air dried 12.0 130 130 130 2,398 2,544 3,034 4,273 5,301 6,785 7,845 8,938 9,655 10,243 10,993 11,515 
#3 Agawam 
Fine Frozen at 
Sandy 25$> water 10.0 250 300 325 250 300 325 3,200 3,625 3,856 4,590 4,899 7,653 4,650 5,120 6,231 4,975 6,150 7,350 
Loam content 
Air dried 11.1 49 49 489 7,812 13,542 16,212 14,679 18,838 23,682 29,358 
#3 Agawam 
Loamy Frozen at 
Fine 25$> water 10.0 60 70 79 60 70 79 8,500 9,434 15,340 12,780 15,840 19,300 23,430 25,370 30,575 25,340 29,358 39,502 
Sand content 
Air dried 11.0 212 212 212 1,321 1,500 1,598 1,713 2,349 3,719 3,115 3,295 4,534 11,482 12,787 14,924 #4 Hadley 
Very Fine Frozen at 
Sandy 25°/c water 8.5 359 457 457 521 521 897 1,338 1,566 2,083 2,120 3,229 3,800 3,637 4,224 5,170 7,209 7,764 8,628 
Loam content 
Air dried 18.1 Trace Trace 98 Trace 98 98 Trace 98 98 98 98 98 
ff5 Suffield 
Silt 
Loam 
Frozen at 
25$> water 
content 
25.0 522 522 565 522 522 565 620 620 783 
Air dried 16.2 Trace Trace 163 97 97 310 2,234 2,332 3,034 14,646 19,555 21,430 
1 Suffield 
Fine Frozen at 
Sandy 
Loam 
25$ water 
content 
18.0 Trace Trace 293 293 407 1,190 570 1,598 2,008 1,598 2 y loU 2 y by a 
Air dried 10.0 Trace 261 261 5,284 5,904 9,476 19,702 21,545 22,181 27,727 33,696 50,022 
#7 Hinckley 
Sandy Frozen at 
Loam 25$ water 
content 
9.2 Trace Trace 163 212 326 326 5,301 5,855 6,785 20,795 21,545 22,181 28,297 30,646 35,392 30,010 35,686 42,535 
Air dried 10.9 98 424 473 522 636 734 6,410 6,671 6,850 15,608 16,456 17,909 48,929 
Dover 
Fine Frozen at 
Sandy 25$ water 8.8 16 65 163 163 440 652 636 897 995 718 815 1,207 5,529 5,904 6,540 7,046 ■7,242 7,959 
Loam content II 
Air dried 11.6 212 701 701 571 734 1,011 8,237 8,237 8,237 8,155 8,856 " ■ m xu y «->oy JL2 y XXo 
#9 Merrimac 
Fine 
Sandy 
Frozen at 
25$ water 10.2 163 571 669 620 750 1,174 12,330 12,640 12,689 X y 2 ( 2 2 y U22 2 y U(do o > 3wb o, 481 8,563 
Loam content 
Air dried 13.5 Trace 49 603 2,251 2,463 7 OK/ I 2,691 11,026 2,585 12,640 16,180 b y oO*t b y yiT ( y y ( O y y y 10,bb7 
#10 Gloucester 
Fine 
Sandy 
Frozen at 
25$ water 11.4 Trace 180 359 636 Q7Q 1,631 2,854 3,670 5,317 5,774 5,774 y ry X y ±y ± fQ JL> O-U 1 > bo4 
Loam content 
Air dried 17.0 848 848 946 17,125 22,572 32,603 16,880 23,568 48,440 46,484 
#11 Gape Cod 
Dune 
Sand 7,242 8,824 
Frozen at 
25$, water 
content 
16.3 Trace 261 261 3,392 3, 556 5,953 4,322 4,420 7,176 5,350 
^ Initial Velocity = Velocity at which wind erosion begins. 
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EFFECT OF BLOWING ON SOIL SURFACE 
After subjecting the different soils to the various wind 
velocities for different lengths of time in the tunnel, the 
soil surfaces presented an interesting study. These different 
effects of blowing on the soil surface were best recorded photo¬ 
graphically. It was observed that the sands studied did not 
behave like the agricultural soils. With increasing velocities 
the sands would tend to form ripples or small waves on their 
surface, especially at the lower end of the tunnel. Figures 
28, 24 and 25, 26 illustrate Windsor sand and Cape Cod dune 
sand respectively, before and after blowing. It was noted 
that these two sands produced similar surfaces after blowing, 
but that the coarser sand (dune sand) had the distance between 
;  
wave crests about three times as great as the Windsor sand. 
In the case of the agricultural soils, the phenomenon of ripple 
formation was totally absent. This is believed to be due to 
less "durface creep” in the agricultural soils than in the sands. 
* 
Figures 27, 28, and 29 picture respectively Hadley soil, Ho. 4, 
after being blown at its initial velocity, after being exposed 
to a 25 M.P.H. wind, and blowing after the sample had been 
frozen. The frozen soils usually showed a streaked surface 
after exposure to blowing. Figure 30 shows Soil No. 5 after 
blowing. Hardly any visual difference existed in the soil 
surface before or after blowing of this sample. Soil No. 3, 
Agawam loamy fine sand, has the closest similarity of an agri¬ 
cultural soil to the two sands previously mentioned. Figure 31 
65 
shows a tendency Tor this soil to form a rippled surface* 
In general, however, rippling of the surface did not occur* 
It is interesting to note that from the many surveys 
made of the various wind blown areas in Massachusetts, at no 
time was it found that the topsoil of an agricultural soil 
formed a rippled or wave pattern of the surface after blowing* 
Cases where wave patterns were found, the topsoil had been 
previously blown away and the sands of the subsoil formed the 
pattern. Figure 32, a field in the Connecticut River Valley 
seriously damaged by wind erosion, shov/s prominent surface 
streaks but no ripple or wave pattern. 
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Figure Z3 showing surface of Soil No. 1, Windsor 
Sand, before blowing in wind tunnel. 
im 
■ • - vr i. V 
•> ^* - ■• vW; 
■ ,V,4?!yfc §j /•' i m . a 
Figure showing ripple or wave patterned 
of Soil No. 1, Windsor Sand, after blowing 
wind tunnel. 
surface 
in 
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Cod Dune Sand, before blowing in wind tunnel. 
Figure 2 & showing ripple or wave patterned surface 
of Soil No. 11, Cape Cod Dune Sand, after blowing 
in wind tunnel. Distance between wave crest about 
three times that of Soil No. 1. 
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Figure 2? showing surface of Soil No. 4, Hadley 
very fine sandy loam, after blowing at its 
initial velocity of 11 M.P.H. 
Figure showing surface of Soil No. Hadley 
very fine sandy loam, after being exposed to a 
25 M.P.H. wind in tunnel. 
r 
Figure 3 ^ showing surface of Soil No. 4, Hadley 
very fine sandy loam, after blowing in tunnel 
of a previously frozen sample. 
Figure JO showing surface of Soil No. 5, Suffield 
silt loam, after blowing in wind tunnel. No 
visual difference in surface after blowing. 
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Figured/ showing surface of Soil No. 3, Agawam 
loamy fine sand. Tendency of this soil is to 
form ripples or wave pattern. 
1 
Figure ^ 2, showing streaked surface of field in 
Connecticut River Valley badly damaged by wind 
erosion. Ripples or wave pattern absent. 
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AVERAGE EROSION LOSSES OF AGRICULTURAL SOILS 
After comparing the erosional losses of the individual 
soils it was decided to obtain an over-all average of the 
losses due to wind erosion in the wind tunnel of the agricul¬ 
tural soils studied with respect to the various wind velocities 
at the 3, 5 and 15 minute periods. This was accomplished by 
averaging the soil losses per acre in Table 6 for the various 
wind velocities and time periods* The losses for the two 
sands were not averaged in with the remaining agricultural 
soils. Table 7 gives the averaged data for both frozen and 
air dried condition of the soil. These averages are graph¬ 
ically represented in Figure 33 which shows that the rate of 
wind erosion was greatest at the beginning of the test and 
gradually leveled off with the length of time. If the length 
of time had been prolonged beyond 15 minutes the lines repre¬ 
senting total amount of losses would approach a horizontal, 
meaning that slight to no further erosion was taking place. 
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Table 7 
AVERAGE EROSION LOSSES OF AIR DRIED AND FROZEN 
SOILS IN POUNDS PER ACRE AT VARIOUS WIND VELOCITIES 
IN 3, 5 AND 15 MINUTE PERIODS 
Velocity -sun- Time 
M.P.H. Condition 3 min. 5 min. 15 min. 
10 frozen 241 331 456 
10 air dried 
- - 
- 
15 frozen 2,590 ~37301 4,522 
15 air dried 2,379 3,660 5,045 
2d frozen 5,468 6,250 ~77377— 
20 
•v 
air dried 6,412 7,450 8,871 
frozen 8,50o 5yH3 Id,968 
25 air dried 11,553 13,248 16,407 
30 1 frozen 10,494 11,923- 14,235 
30 air dried - - - 
% 
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Figure 33 
lj.,000 
.0,000 
VERSAL CROSS SECTION PAPER 
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EFFECT OF MOISTURE ON MNP EROSION 
As mentioned before in the discussion of the climatological 
data, no direct relationship existed between precipitation and 
the occurrence of dust storms. This paradoxical relationship 
prompted additional study using the wind tunnel. At the very 
first it was found that if the soils contained considerable 
moisture and were thoroughly mixed no wind erosion in the tunnel 
took place • After continuous exposure in the wind tunnel for 
eight to ten hours, only slight losses were experienced. A few 
of the soil particles at the very top would get dried and blow 
away. Determination of the soil moisture showed no appreciable 
decrease. As a result of this information, it was decided to 
use the following method of study. The moist soils were grad¬ 
ually air dried with frequent thorough mixing and periodically 
submitted to a 15 M.P.H. wind velocity in the wind tunnel. The 
air drying, mixing and exposure of the soil in the tunnel was 
repeated over and over again until a moisture condition was 
/ 
reached where the soil particles just began to move at a 15 M. 
P.H. wind velocity. Soil samples for moisture were taken at 
this point and the results are given in Table 8. It was found 
that Soil No. 5, Suffield silt loam, would not blow at any wind 
velocity if it contained any moisture. Determinations for Soils 
Nos. 6 and 11 were made at 20 M.P.H. since 15 M.P.H. is lower 
than their "initial velocities” under air dried conditions. 
Generally, the more organic and colloidal matter present in 
the soil the higher the water content at which it would begin 
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to blow. It appears that the water present at the time the 
soil begins to blow exerts very little binding effect or 
adhesion between the soil particles at the particular wind 
velocity at which this test was made. Only rarely in nature 
a condition exists where the particles at the very top surface 
of the soil have the same moisture content as the lower layers 
of soil. 
76 
Soil Ho. 
Table 8 
PERCENT OP WATER IN SOIL AT WHICH 
EROSION BEGINS AT 15 MILES PER HOUR 
Soil Name 
percentage of Water in 
Soil at 15 M.P.H. Velocity 
1—1
 
•
 
o
 
£5
 
Windsor Sand 1.9# 
No. 2 Agawam Pine Sandy Loam 6.3# 
o
 
.
 
Agawam Loamy Pine Sand 5.6# 
No. 4 Hadley Very Fine Sandy Loam 4.8# 
No. 5 Suffield Silt Loam 0.0#* 
No. 6 Suffield Fine Sandy Loam 1.3#** 
No. 7 Hinckley Sandy Loam 3.9# 
No. 8 Dover Pine Sandy loam 6.4# 
No . 9 Merrimac Fine Sandy Loam 5.4# 
o
 
•
 H
 
O
 Gloucester Fine Sandy Loam 5.8# 
No. 11 Cape Cod Dune Sand 0.24#** 
Did not blow unless dry. 
At 20 miles per hour. 
77 
EFFECT OF VARIOUS CHEMICAL TREATMENTS 
ON SOILS SUSCEPTIBLE TO WIND EROSION 
Only certain soils of those previously tested were 
chosen for the various chemical treatments and wind tunnel 
trials. In Table 9 are given the data of soil losses as 
obtained from the wind tunnel studies. Soil No. 12, although 
of the same soil type as soil No. 9, Merrimac fine sandy loam, 
was obtained from an experimental area at the Agricultural 
Experiment Station, called historically "North Corn Acre". 
Plot D of this area is similar soil to plot A with the excep¬ 
tion that non-dolomitic limestone has been applied on it yearly 
for about 20 years. The pH values of these two plots are as 
follows: plot A, 4.8 and plot D, 6.9. The initial velocity, 
at which the soil begins to blow is lower on the limed plot 
than on the unlimed' plot. The amount of soil lost by wind 
erosion was considerably more on the limed than the unlimed 
plot, the difference being about 10 times as much at 20 miles 
per hour and about 3 times as much at 30 miles per hour. 
Quantities of soil No. 9, Merrimac fine sandy loam, of 
which there was plenty available, were treated with urea, 
lithium carbonate, (LigC03), burned lime, (CaO), calcium car¬ 
bonate, (CaC03), lignin, "Aquella" (trade name) and "water glass", 
(Nag0.3.2Si02)• The lithium carbonate, burned lime, calcium 
carbonate, were applied at 2-1/2 tons per acre rate of the 
cation. The lignin, obtained from the West Virginia Pulp and 
Paper Company, by-product of the paper industry, was applied 
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at the rate of 2.5 and 5 times the original organic matter 
content (2.4 percent) of the soil. "Aquella", a trade name 
of a waterproofing compound consisting chiefly of calcium 
aluminum silicate, and "water glass" (sodium silicate) were 
applied at a 2 percent rate. Samples of soil No. 2, Agawam 
fine sandy loam, were treated similarily with lignin, "Aquella" 
and "water glass" only. 
The data in Table 9 show that the initial velocity at 
which erosion started was raised where urea, lithium carbonate, 
burned lime, calcium carbonate, "Aquella" and "water glass" 
were used. Where the lignin was used the reverse was found 
to be true. The initial velocity was lowered considerably. It 
was also found that the losses of soil at the various wind 
velocities in the wind tunnel increased where lignin was appl¬ 
ied. Although it is known that the organic matter naturally 
in the soil consists of considerable lignin, it is in a differ¬ 
ent form from that added in these trials. It is felt that 
with considerably more "aging” in the soil, the lignin would 
react differently. With this thought in mind some soils were 
acquired from Mr. J. Ghadbourne of Bridgton, Maine. It had 
been stated in a report (20) that Mr. Chadbourne had been 
using for 30 years birch shavings as a soil mulch to keep weeds 
down and plowed them under yearly. The soil is classed as a 
Gloucester fine sandy loam and had lost its original identity ^ 
due to the well decomposed sawdust present. It was found, 
i 
(Table 9), when this soil was compared in the wind tunnel with 
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a check soil from the same farm, that the continuous use of 
organic matter had increased the initial velocity and also 
greatly aided in the reduction of the soil losses at the 
various wind velocities. The decomposed organic matter had 
firmly incorporated into itself the mineral particles and 
produced a rather coarse crumbly structure. It was noted 
that the particles of decomposed organic matter blew off read¬ 
ily but the loss in weight was small due to the difference in 
the apparent specific gravity between the mineral particles 
and the organic matter* 
It was found that where the soil was treated with ground 
limestone, burnt lime, urea, and lithium carbonate, the soil 
losses decreased with the treatments in the order mentioned 
above. Most pronounced in its action to retard wind erosion 
was the lithium carbonate treatment. When the same treatments 
were applied to soil No. 5, Suffield silt loam, there was no 
recordable loss. This soil being much finer textured, formed 
hard lumpy aggregates that prevented any wind erosion. Any 
particles that were disturbed by the wind fell in between the 
larger aggregates of soil and remained there. 
With both of the soils investigated, the two silicates 
tended to bind the soil particles together into aggregates 
and lowered considerably the soil losses due to blowing. 
Especially was this true at the lower wind velocities. 
After noting the aggregating effects of the various 
treatments and their influence on the reduction of soil losses, 
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especially after using urea, lithium carbonate, and decomposed 
sawdust, a soil referred to in Table 9 as "Szala Soil” was 
studied. This soil is classed as Agawam fine sandy loam and 
was obtained from beneath a cow yard manure pile. The soil 
had not been previously disturbed and fresh cow manure had 
been piled on it lor over five years. A check sample of the 
same soil was taken at some distance away from the manure pile 
where it was known that no manure had been stored. The soil 
taken from under the manure pile was thoroughly defloculated 
and dried into a very hard lumpy condition. When placed in 
the wind tunnel, only traces of erosion took place at 30 miles 
per hour velocity. 
Table 9 
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*12 
#9 
#2 
Soil Series 
Name end 
Type 
Merrimac 
Fine 
Sandy 
Loam 
Merrimac 
Fine 
Sandy 
Loam 
Soil Condi¬ 
tion or 
Treatment 
"North Corn 
Area" Plot A 
air dried 
"North Corn 
Area" Plot D 
air dried 
Air dried 
2^ tons Urea 
added & air 
dried 
2^ tons LigCOj 
added & air 
dried 
2| tons CaO 
added & air 
dried 
2-|- tons CaC03 
added & air 
dried 
2§ times 
O.M.' added 
& air dried 
5 times O.M. 
added & air 
dried 
"Aquella" 
added & air 
dried 
Waterglass^ 
added & air 
kdried 
/ 
Air dried 
2-g times 
O.M. added 
6 air dried 
5 times O.M. 
added & air 
dried 
"Aquella" 
added & air 
dried 
Waterglass 
added & air 
dried 
fAir dried 
Maine Gloucester I 
Soil Fine Sandy"V Sawdust. 
Loam mulch1' ^> & 
Lair dried 
[ Air dried 
Szala Agawam J 
Soil Fine Sandy'S Under Manure 
Loam | Pile & air 
dried 
Agawam 
Fine 
Sandy 
Loam 
el.*- 
.P.H. 
At Inil 
3 min. 
cial Vel 
5 min. L 
ocity 
5 min. 
At 
3 min. 
10 M.P.I 
5 min. 3 
I. 
L5 min. 
At 
3 min. 
15 M.P.I 
5 min. 1 
i. 
L5 min. 
At 
3 min. 
20 M.P.r 
5 min. 
. 
15 min. 
At 
3 min. 
25 M.P.I 
5 min. 
i. ;! 
15 min. 
At 
3 min. 
OU J . • r • * 
5 min. 
m 
15 min. 
15.0 98 98 Trace 98 98 180 457 718 620 848 1,484 1,761 2,773 
3,906 
13.0 261 554 783 718 2,479 3,996 3,099 3,914 8,172 3,425 4,159 10,601 
5,627 9,721 13,243 
n ft 701 701 571 734 1,011 8,237 8,237 8,237 8,155 8,856 10,389 12,113 
12,852 13,994 
21.0 Trace 261 620 
713 1,593 1,893 a, 191 98 261 
17.3 Trace 98 212 652 701 701 701 832 
849 1,354 1,631 1,680 
13.8 qq 147 245 310 408 408 3,425 3,425 3,425 4,094 
4,371 5,284 5,839 6,312 7,388 
30 
12.5 
8.7 
82 
82 
82 
98 
82 
554 
962 
734 
1,060 1,158 1,011 1,109 1,288 2,202 2,968 5,138 4,240 5,138 7,584 
98 250 701 946 1,174 3,254 
5,774 
6,785 
7,046 
9,476 
10,389 
8,237 
14,924 
8,938 
16,180 
9,655 
23,430 
12,330 
29,358 
12,787 14,924 
7.5 Trace Trace 620 163 440 783 783 1,011 2,022 
17.0 Trace Trace 326 440 
* 
521 701 718 815 995 1,240 1,664 3,670 
20.0 Trace Trace 212 359 457 669 652 652 
815 1,024 1,598 2,398 
12.0 130 130 130 2,398 2,544 3,034 4,273 5,301 6,785 
7,845 8,938 9,655 10,243 10,993 11,515 
10.0 Trace 250 407 Trace 250 407 570 2,398 3,625 
4,420 
5,904 
4,420 
6,540 
7,388 
8,236 
9,655 
8,236 
14,679 
10,243 
19,300 
12,113 
25,370 
10,389 
28,297 
12,640 12,689 
7.5 326 554 620 522 750 1,011 2,349 3,115 
15.0 Trace Trace 652 Trace Trace 652 1,305 1,615 
1,794 2,850 3,800 3,800 3,800 4,240 4,240 
440 440 489 669 962 1,109 1,631 1,664 1,664 18.3 Trace Trace 407 
111.2 Trace 65 163 1,957 2,283 2,283 2,610 3,261 
3,261 3,914 9,933 10,667 14,924 1,598 19,734 
13.2 Trace 98 212 — — — 163 212 212 652 1,957 1,957 
3,261 3,261 3,261 5,529 5,774 8,563 
11.5 Trace 130 163 1, 778 2,088 2,088 4,126 5,025 5,301 7,845 
8,628 9,933 8,856 10,667 11,026 
Trace Trace 212 Trace 326 326 25.0 Trace Trace 212 
7* Initial Velocity = Velocity at which wind erosion begins. 
’l) O.M.= Organic Matter. 
2; "Aquella" = Trade name for a Calcium Silicate waterproofing compound. 
[3J Waterglass = Sodium Silicate (N Brand mnufactured by Philadelphia Quartz Company.; 
J4) Sawdust mulch =. Heavy sawdust mulch used on surface for several years and incorporated m.o so . 
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DETERMINATION OF CHANGES IN SOIL 
AGGREGATION AND pH VALUES OF 
VARIOUSLY TREATED SOILS 
Realizing that structure of a soil has a direct relation¬ 
ship to its susceptibility to erode, aggregate studies were 
made on several of the soils which had the various treatments 
mentioned above. The dry sieve method was used in the deter¬ 
mination of the aggregate size. Since the soils studied have 
been influenced by the glacier in their formation, they con¬ 
tain relatively little colloidal material which forms water 
stable aggregates. Furthermore, as brought out in previous 
discussion, wet soils do not blow. The portion of the soil 
that blows away is relatively dry and free from moisture. It 
is the distribution and size of the dry soil aggregates which 
influences the susceptibility of the particular soil to wind 
erosion. Tables 10 and 11 reporting the percentage of various 
size aggregates found, with the different treatments, shows 
that lithium carbonate, urea, "Aquella" and "water glass" increa¬ 
sed greatly the size of the soil particles• The lignin, burnt 
lime and ground limestone increased the aggregation only slightly. 
Burning out the organic matter present in soil No. 5, Suffield 
silt loam, in an electric muffle furnace, lowered considerably 
the state of aggregation. The practice of continually liming 
plot D on North Corn Acre has produced a decided decrease in 
aggregation. The soil obtained from under the manure pile had 
over 27 percent of aggregates greater than two inches and less 
83 
than half the amount contained in the check of the .21 mm. 
or less size. The treatments used on these soils acted appar¬ 
ently as a deflocculating agent rather than a flocculation. 
The drying out of the soils left them in a state of increased 
aggregation. Upon rewetting the soil, the state of aggregation 
disappeared and reappeared again upon further drying. It must 
be mentioned that the amounts of lithium carbonate used would 
be harmful to plant growth. The use of this compound is, 
however, of an academic interest. 
Photographs taken in the wind tunnel of the soil condition 
after the various treatments are shown in Figures 34 to 39, 
which are self explanatory. In every case the soil is No. 9, 
Merrimac fine sandy loam. 
A determination of the pH values of the soil and the 
changes brought about as a result of the various treatments 
proved to be interesting and are reported in Table 12. Lithium 
carbonate raised the pH more than any of the other treatments. 
The addition of lignin lowered the pH to almost the pH value 
of the lignin itself which is 3.8. It seems to hold true that' 
the higher the pH value of the treated soil, the higher the 
degree of aggregation, with a consequential lowering of the 
losses due to wind erosion. 
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Figure 3 ^ 
Merrimac f«s«l» 
untreated 
Figure 3 
Merrimac f.s.l, 
breated with lithium 
carbonate 
(after blowing) 
Figure 3 G 
Merrimac f.s.l. 
treated with Urea 
(after blowing) 
s 
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t. <■ 
Figure 3? 
Merrimac f.s*l. 
treated with 
ground limestone 
$ 
(after blowing) 
Figure 3 f 
Merrimac f.s.l. 
treated with 
burnt lime 
(after blowing) 
Figure 3f 
Merrimac f.s.l. 
frozen with 
25$ water 
(after blowing) 
38 
Table 12 
4 
pH CHANGES OF SOIL IITH VARIOUS CHEMICAL TREATMENTS 
Soil No* Series Name and Type Treatment pH 
none 5.1 
+ aquella 10.1 
No. 1 Windsor Sand + water glass 9.6 
+ 2.5 x O.M.* 5.3 
+ 5 x O.M. 5.7 
none 4.3 
+ aquella 8.0 
+ water glass 5.4 
+ 2.5 x O.M. 3.9 
No. 2 Agawam Fine + 5.0 x O.M. 3.9 
Sandy Loam + Li2C03 10.5 
+ Na?C03 9.9 
+ k26o3 9.7 
+ Rb2C03 6.5 
none 5.0 
burned 6.2 
No. 5 Suffield Fine + LlgCOg 10.4 
Sandy Loam + Na2C03 10.1 
+ K2C03 9.7 
+ Rb2C03 6.3 
- 
none 5.2 
+ aquella 8.4 
+ water glass 5.7 
+ 2.5 x O.M. 4.7 
+ 5.0 x O.M. 4.3 
+ Li2C03 10.3 
No. 9 Merrimac Fine + Na2C03 10.0 
Sandy Loam + k2C03 .9*6 
+ Rb2C03 <3*6 
. + CaO 7.2 
+ CaC03 7.1 
+ urea 6.6 
N.C.A. Plot A 4.8 
N.C.A. Plot D 6.9 
Maine Gloucester Fine none 6.4 
Soil Sandy Loam + sawdust** 5.3 
Szala Agawam Fine none 5.0 
Soil Sandy Loam under manure pile 5.7 
* O.M. C Organic Matter 
** Heavy sawdust mulch used yearly 
89 
THE RELATION OF CERTAIN ELEMENTS AS FOUND IN 
THE flPERIODIC TABLE” AND THEIR EFFECT ON 
SOIL AGGREGATION A HD pH VALUES 
To study further the effects on soil aggregation of chem¬ 
ical treatments, carbonates of the elements found in the first 
period of the "Periodic Table of the Atoms" were used at the 
rate of 2-1/2 tons per acre with respect to the cation lithium. 
Two series were set up. In the first series, sodium and pot¬ 
assium carbonates were compared with lithium carbonate with 
respect to the chemical equivalent of the cation. In the 
second series, sodium, potassium and rubidium carbonates were 
compared with lithium carbonate with respect to equal weights 
of the cations. Tables 13 and 14 give the aggregate size data 
obtained from the chemical equivalent of cations and equal 
weight of cation series respectively. Comparing both series 
of experiments, it was found to be generally true that the 
degree of deflocculation increased in the order of the increas¬ 
ing atomic weight of the elements in period I of the Periodic 
Table; namely check, ^Li, <Na, <K, <Rb. The percentage of 
the finer fraction of the soils greatly decreased, while the 
percent aggregation and size of aggregates increased as the 
increase of the atomic weights of the elements used. In the 
case of soil No. 5, Suffield silt loam, the deflocculating 
effects was over three times that in the other two soils if 
the comparison is made of the aggregates greater than 2 inches. 
These soils after treatment were not studied in the wind tunnel 
90 
because the quantity of the treated soils was , too small. 
The cost of treating the soils in large enough quantities 
for wind tunnel studies with rubidium carbonate would be 
prohibitive. The chemical costs about $10.00 for 5 grams. 
pH determination of the treated soils were made and are 
reported in Table 15. In every case the treatment raises 
the pH value above that of the check. It will be noted 
that the amount of rise in pH values with both series of 
* ~ • / 
treatments (equal weight, and chemical equivalent, of cation) 
decreased as the atomic weights of the cation used increased. 
In water solutions of the compounds used the alkalinity 
increases as the atomic weight increases. A probable explan¬ 
ation of why the rate of increase of the pH values of the 
treated soil decreases in the order Li, Na, K, and Rb, lies 
in the principle of "base-exchange”. It is known that the 
replacing power of the alkali metals from their solutions 
increases as their atomic weight increases (23). That is, 
in the order Li <tNa< K ^Rb. When a comparable amount of 
these cations were added individually to the soil, the Rb 
cation would enter into the base-exchange reaction more com¬ 
pletely, while the Li cation the least and the other two 
cations, Na and K in the order shown above. The replaced 
cation being of weaker bases would not influence the pH value 
of the soil as much as the excess cations of the strong alk¬ 
alies added in the treatment. Therefore the soil treated with 
lithium carbonate would have more excess of lithium cations 
remaining outside in the soil solution than the soil treated 
91 
with sodium carbonate, which in turn would be more than in 
the case of the soils with the potassium and rubidium carbonate 
treatments respectively. Under the conditions of the exper¬ 
iment the pH values should belowered in the order Li, <.Na, 
^K, <Rb• This was found to be true. 
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Table 15 
pH CHANGES OF SOIL WITH CHEMICAL TREATMENT 
Soil No. Series Name and Type Treatment pH* jdH** 
plain 5.3 5.2 
+ Li2C03 10.5 10.3 
No.9 Merrimac Fine 
Sandy Loam 
+ NagCOg 9.6 10.0 
+ k2cos 8.7 9.6 
+ Rb2C03 6.6 — 
plain 4.9 5.0 
+ Li2C03 10.6 10.4 
No.5 Suffield Silt + NaoCO-z 9.3 10.1 
Loam 
Ca O 
+ K2C03 8.4 9.7 
+ Rb2C0g 6.3 — 
plain 4.4 4.3 
+ Li2C03 10.6 10.5 
No.2 Agawam Fine NaoCO-2 9.7 9.9 
Sandy Loam 
+ K2C03 8.5 9.7 
+ Rb2C03 6.5 — 
* Equal weight of cation series 
**Chemical equivalent of cation series 
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CONSTRUCTION AND USE OF A PORTABLE DUST COLLECTOR 
FOR STUDYING WIND EROSION ON FIELDS OF VARIOUS CROPS 
It has been observed by the writer and also intimated 
by others that certain soils may blow more when used for a 
particular crop than they would if other crops are grown on 
them. Perhaps the continual cultural practice of a certain 
crop produces a soil condition conducive to wind erosion. 
In order to study this problem a portable dust collector was 
built. The design of this apparatus is a modification of 
the design used by Chepil (7) and Joy* in their collector. 
Figure 40 is a photograph of the assembled unit which consists 
of a small Briggs and Stratton gas engine operating a suction 
pump to which is attached a small vacuum tank the purpose of 
which is to maintain a uniform flow of air. A gas meter is 
connected to the vacuum tank with heavy rubber tubing. Attached 
to the gas meter with a 3/4 inch rubber pressure hose is the 
dust collecting unit or filter. This unit consists of an 
"Electrolux Vacuum Cleaner" dust bag placed in an air tight 
housing made of sheet metal. In front of the opening of the 
dust bag, a sheet metal disc is placed which has a 1 inch hole 
in its center serving as the entrance for the dust laden air 
being sampled. Using a small hole as an entrance did away 
with soil particles being blown into the dust bag by the outside 
* Correspondence with Edgar C. Joy, Project Supervisor, 
Soil Conservation Service, Brookings, South Dakota 
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wind which could happen if a larger opening was used even if 
the suction pump was not in operation. A mercury manometer 
can be attached into the air line between the gas meter and 
the vacuum tank in order to correct the air pressure to atmos¬ 
pheric pressure. The governor of the gas engine was adjusted 
so that 10 to 12 cubic feet of air could be sampled per minute. 
During field trials the dust collecting equipment was 
loaded on a truck and taken to fields where studies were to 
be made. At a location the dust collecting unit or filter 
was hung up on a pole at the particular height above ground 
some distance away from the truck where the remainder of the 
equipment was operated. A velometer was used to record the 
wind velocity at a particular height above the ground corres¬ 
ponding with the height above ground of the collecting unit. 
After sampling 100 to 1000 cubic feet of air the dust bag is 
removed -and the bag and its contents weighed on an analytical 
balance, recording the amount present in 1000 cubic feet of air, 
Considerable judgment had to be used in choosing an 
area which represented a typical field and making certain 
that the dust was procured only on that particular field. 
Usually fields were chosen which were bounded on the windward 
side by large areas of sod covered fields. 
Table 16 gives data obtained in the field when the dust 
collecting filter bag was placed at 12 inches above ground and 
again at 4 feet. It was impossible to get identical wind 
velocities which cause the dust storms at every station studied, 
but it is felt that those velocities reported are as nearly 
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representative as is possible to obtain. 
The results bear out the assumption originally contended 
that fields used for certain type of crops tend to blow more 
than others* Onion fields which are limed periodically because 
onions do well on relatively sweet soil are the areas which 
are most susceptible to wind erosion, while tobacco and potato 
fields are not as readily erodible. These latter fields will 
blow, however, if the wind velocity is high enough* A pro¬ 
bable explanation of why the onion fields are subject to 
more blowing may be due to the flocculating effects of the 
limestone used as a soil amendment. Very little if any lime 
is ever used on either potato or tobacco fields in this locality. 
The data here reported show a very interesting soil behavior 
and justify additional investigation. 
Fig. 40 FORTABLE DUST COLLECTOR 
1. gas engine 
3* gas meter 
5. dust filter 
2. air pump & tank 
4. suction hose 
unit 
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Table 16 
AMOUNT OF DUST IN AIR FROM VARIOUS CROP FIELDS 
Wind Velocity 
M.P.H. 
Ain’t soil in 
1000 cu. ft. 
of air, gr. 
Soil Studied Crop dH 
1 ft. 
Above 
Gr ound 
4 ft. 
Above 
Ground 
1 ft. 
Above 
Ground 
m— 
Above 
jtound 
Hadley Fine Sandy Loam 
J• Grybko Farm, Sunder¬ 
land, Mass# 
onion 6.6 7 18 240 gr. 41 gr. 
Hadley Fine Sandy Loam 
Sunderland, Mass# 
onion 6.7 6 17 123 gr. 10 gr. 
Hadley Fine Sandy Loam 
Mr# Whitmore1s Farm 
Sunderland, Mass# 
lettuce 6.1 4 15 97 gr. 3 gr. 
Agawam Fine Sandy Loam 
F. Wojtklewicz Farm 
near Sugarloaf Mt., 
So. Deerfield, Mass* 
corn 5.8 5 19 81 gr. 3 fir. 
Agawam Fine Sandy Loam 
P. P. Moore's Farm, 
Hadley, Mass# 
• 
tobacco 4.3 5 19 25.gr. trace 
Hadley Fine Sandy Loam 
By Cammin’s Garage, 
North Hadley, Mass. 
potato 4.6 5 17 10 gr. trace 
Hadley Fine Sandy Loam 
J. Zak’s River Farm 
Sunderland, Mass. 
potato 5.4 5 15 trace trace 
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COMPARING VELOCITIES OF WIND AT TWO 
DIFFERENT HEIGHTS ABOVE GROUND 
While making field studies with the portable dust col¬ 
lector, some information was collected on the differences in 
velocities at different heights above ground. Since only 
two velometers were available, velocities at two different 
- V _ 
heights were recorded simultaneously. In Table 17, graph¬ 
ically represented In Figure 41, is shown the relationship 
of wind velocities at one inch above ground with velocities 
at four feet above ground. 
The wind velocities at 4 feet above ground were found 
to be about 2.5 times those recorded at 1 Inch above ground. 
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Table 17 
COMPARING VELOCITIES OF SAME WINE AT 
TWO DIFFERENT HEIGHTS ABOVE GROUND 
Wind Velocity. Peet Per Minute 
Readings taken Readings taken 
1 inch above 4 feet above 
ground ground 
300 733 
* > 
400 950 
500 1237 
600 
sf 1533 j T 
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Figure 41 
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SUMMARY AND RESULTS 
(1) In order to study those chemical-physical properties 
which may influence the susceptibility of certain Massach¬ 
usetts soils to wind erosion a wind tunnel was constructed# 
(2) Climatological data were investigated to learn what 
elements of climate influenced dust storms as they occurred 
naturally in the Connecticut River Valley* It ms found that 
rainfall has only a very small effect in retarding wind erosion, 
while the months of January and February, due to the period 
of greatest snow fall, usually have least dust storms* A 
direct relationship existed between known occurrence of dust 
storms and the monthly prevalence of winds, particularly those 
over 10 M.P*H., and the velocities of the winds* The data 
show that wind velocities increase in the afternoon. This 
corresponds with the observation that nearly all dust storms 
occur in the afternoons. 
(3) A brief description is given of the eleven soils inves¬ 
tigated. Photographic illustrations of the soils are presented' 
to aid in interpreting more clearly the mechanical analysis 
of the soil and in explaining the general conclusion derived 
later, that the more sandy the soil the greater is its suscep¬ 
tibility to wind erosion. 
(4) The following chemical and physical properties of the 
soils were studied: plant food analysis, pH, loss on ignition, 
carbon content, organic matter, base exchange capacity. 
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settling volumes, water holding capacity, moisture equivalent, 
hygroscopic coefficient, and mechanical analyses. Correlating 
these above mentioned soil properties with the soil losses 
experienced in the wind tunnel, the following are some of the 
conclusions which were obtained; the more sandy the soil 
(agricultural), the lower the initial velocity at which it 
begins to blow. The initial velocity for frozen soils was 
generally lower than for air dried soil. For most of the 
soils, the soil losses were greater at low wind velocities 
for the frozen soil, than were the losses for air dried soil. 
At the higher wind velocities the air dried soils were more 
erodiable. It was found that the soils' organic matter con¬ 
tent, maximum water holding capacity, moisture equivalent and 
h.ygx»oscopic coefficient, had a direct relationship with 
respect to wind erosion. It was further noted that the higher 
the soils settling volume the lower were its losses in the 1 
wind tunnel. A grouping of the eleven soils studied could be 
made correlating the physical and chemical properties with 
the losses obtained in the wind tunnel studies. 
(5) It was observed that sandy soils (non-agricultural) 
produced a ripple or wave pattern of the surface when blown 
in the wind tunnel. Agricultural soil showed streaks. 
(6) Soil moisture studies show that wet soil will not blow 
at any wind velocity. The very top thin layer of particles 
are relatively dry before they will be eroded-9 while the sub¬ 
layers of soil may be relatively moist. Sandy soils blow 
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sooner after a rain because the capillary action is broken 
at the very surface of the sandy soil. Dust collected 
showed .46 percent moisture wh£le the parent soil had a 26. 
percent moisture content. 
(7) From the various chemical treatments made on the soil, 
it may be concluded that where the soil’s state of aggregation </ 
in the dry condition was increased, the losses due to wind 
erosion were decreased. Soils treated with ground limestone, 
burnt lime, urea, and lithium carbonate, the losses decreased 
with the treatments in the order mentioned. The heavier the 
soil the more pronounced the effect. Calcium and sodium 
silicates tended to bind the soil into aggregates which 
reduced soil losses. Organic matter when applied in the form 
of raw TLgnin lowered the initial velocity at which the soils 
began to blow and also increased the rate of wind erosion. 
/ 
The lignin used was not comparable to soil humus or organic 
matter. The organic matter produced in a soil from the decom¬ 
position of yearly applications of sawdust reduced the amount 
of wind erosion experienced and also raised the initial velocity 
at which the soil began to blow. Soil taken from under a 
manure pile dried into a coarse lumpy condition which was quite 
resistant to wind erosion. 
(8) A study of the defInoculating effects on the soil of the 
mono-valent elements in period one of the "Periodic Tables of 
Atoms” showed that upon drying, the soils had experienced an 
aggregated condition which increase in the following order 
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of the elements tried; Rb/> K) Na ^>Li. The pH value of the 
soils due to this chemical treatment was greatly increased* 
The rate of increase of the pH values for the elements used 
was in the reverse order to the aggregating effect mentioned 
\ 
above • 
(9) To study the rate of wind erosion found on fields of 
various crops and the relation of practices in the culture 
of such crops on dust blowing, a portable dust collector was 
developed. These studies show that the soil blows more on 
areas growing vegetables like onions and lettuce, than those 
soils used to grow tobacco and potatoes. In this case there 
was a direct relationship between pH and amount of dust col¬ 
lected* These observations were confirmed in the wind tunnel 
studies where soils from two experimental plots were tested* 
Soil from plot D having yearly application of limestone has 
a pH of 6.9 and eroded considerably more than soil from plot 
A which has not received any lime and has a pH of 4.8. It is 
believed that the flocculating effect of continuous liming 
has produced a soil surface condition more susceptible to 
wind erosion* 
(10) Field studies show that the natural wind at 4 feet 
above ground at various velocities is 2.5 times as great as 
at 1 inch above ground level. 
107 
LITERATURE CITED 
1. Alway, F.J. and Clark, V.L. Uses of Two Indirect 
Methods for the Determination of Hygroscopic 
Coefficients of Soils* Jour. Agri. Res* 
Vol. VII, No* 8, pp 345-351, 1916* 
2* American Society for Testing Materials* Standard 
Centrifuge Method for Moisture Equivalent 
Determination, Designation, A.S.T.M., D#425-39* 
3. Association of Official Agricultural Chemists. 
Official and Tentative Methods of Analysis, 1940. 
4. Bagnold, R.A. The Physics of Blown Sand and 
Desert Dunes, pp 25-28. William Morrow and Co., 
New York, N.Y. 
5. Beaumont, A.B. A Key to Massachusetts Soils. 
Special Circular #64. Revised May 1943 issued 
by Extension Service Mass. State College. 
6. Brown, E.G., Gottlieb, S. and Laybourn, R.L* 
Dust Storms and Their Possible Effects of Health, 
Public Health Rept. Vol. 50, No. 40, pp 1369-1383, 
Oct. 1935. 
7. Chepil, W.S. and Milne, R.A. Comparative Study of 
Soil Drifting in the Field and in a Wind Tunnel. 
Sci. Agri. 19:5, Jan. 1939. 
8. Chepil, W.S. Dynamics of Wind Erosion:1. Nature 
of Movement of Soil by Wind. Soil Sci. Vol. 60, 
No. 4, Oct. 1945. 
108 
9. Chepil, W.S. Dynamics of Wind Erosion 
Initiation of Soil Movement. Soil Sci. 
t 
Vol. 60, No. 5, Nov. 1945. 
10. _ Dynamics of Wind Eros ion :IV. 
The Translocating and Abrasive Action of the 
Wind. Soil Sci. Vol. 61, No. 2, Feb. 1946. 
11. Fons, W.L. An Eiffel Type Wind Tunnel for 
Forest Research. Jour, of Forestry, Vol. 38, 
0 
No. 11, Nov. 1940. 
12. Gunness, C.I. Meteorological Records, A Fifty 
Year Summary. Bui. No. 367, Mass. Agri. 
Expt. Sta. 
13. Hilgard, E.W. Soils. The Macmillan Co. 
New York, 1906. 
14. Latimer, W.J. and Lanphear, M.0. Soil Survey Berkshire 
County, Massachusetts. No. 39 Series 1923 
Bur. of Chem. and Soils, U.S.D.A. 
15. __ and Smith, L.R. Soil Survey of 
Hampden a nd Hampshire Counties, Massachusetts. 
No. 25 Series 1928. Bur. of Chem. and Soils, 
U.S.D.A. 
16. Malina, F.J. Recent Developments in the Dynamics 
of Wind Erosion. Trans. Amer. Geophys. Union. 
1941: 262-284. 
17. _ _ and Summerfield, M. Aerodynamics of 
Wind Erosion. Rept. No. 2, Part 1, Aug. 1940. 
Soil Conservation Service, California Institute 
of Technology, Pasadena, California. 
109 
18. Meddleton, H.E. Determining the Settling Volume 
of Soils. Tech. Bui. No. 430, U.S.D.A. 1934. 
19. Morgan, M.P. Microchemical Soil Tests. Conn. 
Agri • Expt• Sta* Bui* 333, 1932* 
20. Northeastern Wood Utilization Council Wood 
Products for Fertilization, Bui* No* V, Oct* 
1945, New Haven, Conn. 
21. Olmstead, L.B. and Alexander, L.T. A Pipette 
Method of Mechanical Analysis of Soils Based on 
Improved Dispension Procedure, U.S.D.A. Tech. 
Bui. No. 170, 1930. 
22. Russell, E.J. Soil Conditions and Plant Growth, 
7th edition, 1937. Longmans, Green and Co. Ltd. 
New York. 
Approved By 
Chai rman 
Committee on Thesis 
3 /?rt Date 

